University of Nebraska Medical Center

DigitalCommons@UNMC
Journal Articles: Radiation Oncology

Radiation Oncology

2018

Improved Therapy for Medulloblastoma: Targeting Hedgehog and
PI3K-mTOR Signaling Pathways in Combination with
Chemotherapy
Nagendra K. Chaturvedi
University of Nebraska Medical Center, nchaturvedi@unmc.edu

Matthew J. Kling
University of Nebraska Medical Center, matthew.kling@unmc.edu

Don W. Coulter
University of Nebraska Medical Center, dwcoulter@unmc.edu

Timothy R. McGuire
University of Nebraska Medical Center, trmcguir@unmc.edu

Sutapa Ray
University of Nebraska Medical Center, sutapa.ray@unmc.edu

See
next
page
additional
authors
Follow
this
andfor
additional
works
at: https://digitalcommons.unmc.edu/com_radonc_articles
Part of the Oncology Commons

Recommended Citation
Chaturvedi, Nagendra K.; Kling, Matthew J.; Coulter, Don W.; McGuire, Timothy R.; Ray, Sutapa; Kesherwani,
Varun; Joshi, Shantaram S.; and Sharp, J. Graham, "Improved Therapy for Medulloblastoma: Targeting
Hedgehog and PI3K-mTOR Signaling Pathways in Combination with Chemotherapy" (2018). Journal
Articles: Radiation Oncology. 2.
https://digitalcommons.unmc.edu/com_radonc_articles/2

This Article is brought to you for free and open access by the Radiation Oncology at DigitalCommons@UNMC. It
has been accepted for inclusion in Journal Articles: Radiation Oncology by an authorized administrator of
DigitalCommons@UNMC. For more information, please contact digitalcommons@unmc.edu.

Authors
Nagendra K. Chaturvedi, Matthew J. Kling, Don W. Coulter, Timothy R. McGuire, Sutapa Ray, Varun
Kesherwani, Shantaram S. Joshi, and J. Graham Sharp

This article is available at DigitalCommons@UNMC: https://digitalcommons.unmc.edu/com_radonc_articles/2

4447,5
+"5
 ".%
* ,"&
75
(75ë,5
"
 * ë2,5 "* :=/90:
2,5B&
"*
71::èç",5
67=Cê
:-%'&
)922910
+5" +,(922..
=/90

3("5!-"

!"#$%&&'&"(")"* +,*!*!*
",-./0123(+*,"&+,*" !4"#(+,5'+," +,4+!
5! !"#
9:
=:
9:
.:
6"*,"/7

8!"
%
+

;"
!4
<
7

/&
+
,*

>,
?7

8%&


1+

!#
37

;5
@%+



9
C
=
=
A% ""3"# :B"%,/(!4",+:A!", ""A7<(!+",<7@"!"A!"

DEFGHIJKFLJMNOPNQFRSHJISTMUNVFKHJOWOXYNHLRNZLTOWOXYUN[LS\FIMSJYNOPN]F^IHM_HN`FRSTHWNaFLJFIUNZKHbHUN]cN 9 dUN[ef
ghFLFJSTMUNaFWWNiSOWOXYNHLRNfLHJOKYUN[LS\FIMSJYNOPN]F^IHM_HN`FRSTHWNaFLJFIUNZKHbHUN]cN 9 dUN[ef
jQbHIKHTYNQIHTJSTFUN[LS\FIMSJYNOPN]F^IHM_HN`FRSTHWNaFLJFIUNZKHbHUN]cN 9 dUN[ef
kQHJbOWOXYNHLRN`STIO^SOWOXYUN[LS\FIMSJYNOPN]F^IHM_HN`FRSTHWNaFLJFIUNZKHbHUN]cN 9 dUN[ef

lmnnopqmrsortouvmwxyz{|}~zxxz|~xowx}z|~ }|~
omnspwx|~ zzx|~{|{xz¡z¢x£¤xzx| |x}x||z ¢
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X@GF@d@ADFU;L@ddBEBFABX;WCXBEMBL;WF;DFU@KHQ;Bdd@ADA@BX;Wd;@FZ@C@UWEX;@F;UZBXB;UYW;BslBE@?BFUXe

9
0123456784

!"#$%&'(%!$$"(()*+,-.")#/0*123*1%4'"(564""(47%(8"'%&((%4.9#.!%
%&!%!((#$7!$#%:'#791;<=3>88%)79.7!9.
%4'"$"'?%&!#.#"!(.(4"))!7#@#'$"!8%.
5/'?)":%&' #!%'#('8'%&A('.$
!#.1;<=3>%'$%&"'"#.).4!779' #.?%&
(B7!%#($#8!#%79.7!9.%4'"$"'?%&!#.#"!(.
(4"))!7#'B!".%'"(B%)(#$7!$#%
!%)%9:(4$$(%#$!#%-*1' #!%'#B'%#9!#.
&'%&"!B9-#&!##$88!9'8%&(#&%'"(CDE
FCFG5H#!..%'#:%&' #!%'#'8!$#%(!(.(".
!'):($#8!#%79.'?#"$47!%.%&@B"(('#
7)7('8I9'B'##%(#//JKH3L-M6N($#!7#$
B!%&?!9#74.#$.'?#(%"!%!"$%(:(4$$(%#$%&
' #!%'#(#'%'#79".4.%4'"$"'?%&:4%!7('
%!"$%.!(('!%.B!%&?!9(!#..'?#(%"!'747(
#@#'$"!8%%4'"(5O(!(#$7!$#%:?..#'%
'(")($#8!#%!#%-*188!9'8A('.$!#.
(B7!%#'#%4'"$"'?%&!#.J'"(4"))!7:(4$$(%#$
*+,-.")#*1"((%!#%'%&(//#&%'"!#.
&'%&"!B9?&&('#((%#%?%&'4"CDEFCPQG(%4.(5
/'?)":%&(!$#%(@&%.!#%-*188!(?&#
' #.?%&1;<=3>:(4$$(%#$%&"'7'8%&KH3LM6NB!%&?!9#//-"((%!#!#.*+,-.")#*1
B"'$"(('#5M'$%&":%&.!%!8"'%&CDEFCFG(%4.(
84"%&"'#8"!#.(4BB'"%'4"&9B'%&(('8!"%!7
"'7'8%&M6N%"!#(7!%'#B!%&?!9#//J*+,-
.")#*15
1'%&A('.$!#.1;<=3>!#"'((%&
7''.-"!#!""":!I#$%!#!%%"!%)'B%'#8'"
%&%"!%#%'8*1RST:SUV51'%&(44%!#'4(!#.
'"%&'%'B@#'$"!8%'.7(&!)#4(.#*1
(%4.(544%!#'4('.7(!"(4%!78'"#%!7."4$
%(%#$!#.("##$!(%&('.7!77'?(8'"!(9%4'"
)(4!7W!%'#!#.X4!#%8!%'#:!I#$.('#('8
%"!%#%#%!%'#!#.."4$!BB7!%'#7((.8847%RSYV5
6"%&'%'BJ#%"!"!#!7'.7('8*1"X4"!..%'#!7
8!%4"((4&!('.8!%'#'8*177(#'"."%'!$
!#.X4!#%%!%%4'"$"'?%&:'"'.8!%'#'87#!7
!$#$!BB"'!&(5$5*NH:,MJK;,M5K!%#%.").
@#'$"!8%!#.'"%&'%'B'.7(8'"*1!#.7#!779
"7)!#%!$#$!"4""#%794#.".)7'B#%#'4"
7!'"!%'"98'"84%4"!#!7(%4.(5
H#(4!"9:' #!%'#('8'%&//!#.KH3LM6N($#!7#$B!%&?!9#&%'"(%'$%&":'"?%&
&'%&"!B9:.'#(%"!%.($#8!#%B"7#!7
88!9#".4#$*177$"'?%&:#.4#$!B'B%'((
?%&B"'7'#$!%'#'8(4"))!7#!@#'$"!8%'.75H#
%&(' #!%'#(:%&KH3L-M6N.4!7-#&%'"
1;<=3>' #.?%&&'%&"!B9(&'?.%&
$"!%(%#"!(.88!9'%&CDEFCPQG!#.CDEFCFG5M&
8#.#$(8"'%&((%4.9?!""!#%(84"%&"B"7#!7
)!74!%'##B!%#%-.").%4'"@#'$"!8%(!#.7#!7
#)(%$!%'#:#'"."%'%"!#(7!%%&(!BB"'!&(%'%&
7#!7(%%#$:%'.%"#%&"88!(#&$&-"(I
*1B!%#%(5


9

Z[\]^_[`ab[cdbZ]\efda
ghiibijkhlbmknbomjkphkmkqh

M&&4!#*1777#(0!'9:0-=Y3!#.0-3Sr!#.
?"'%!#.8"'O"!#M9B,47%4",'77%'#
sOM,,:*!#!((!(:AOt5/0-*123*1777#?!(
'%!#.8"'04%(&!74#$)'#*I"''"$!#(#
4#.<77I47%4"#s0*<:"!#9t5M&777#(?"
!4%&#%!%.9%&""(B%)(4BB7"5M&(777#(
uvwvxyz{|zwv}x~xxv}~xxy|~~xx
xxv~y~{{~x}xx|wv|y~x~|wvx x
M&47%4"(?"!#%!#.#!&4.8.#4!%'"!%
xx}xx~wx|vwvx|xx{{xyz{|zwvxuvwvx
v}x|x¡xy¢{zvyv

\£hbp£h¤m¥h¦pjqbm§hkpl

M&//#&%'"A('.$!#.KH3L-M6N.4!7
#&%'"1;<=3>?"B4"&!(.8"'¨,7!'"!%'"(
s©'4"#:*Ot!#.!&'%&"!B4%."4$:(B7!%#?!(
B4"&!(.8"'77I&,'B!#9s/'4(%'#Mªt5
M&(#&%'"(?".(('7).#0*6!%!BB"'B"!%
yyv|w|~x}x|wv}x|x«

¬®¯°±²³b§¤´µp£bmllm¶

M'.%"#%&"!B4%88!('8(#$7!#.
' #.#&%'"(:%?#%9%&'4(!#.77('8!&*1
7#?"B7!%.!#.%"!%.?%&#&%'"(#!.'(.B#.#%8!(&'##·T-?77B7!%(!#.%&$"'?%&'8%&(
77(?!(.%"#.!%U=&'4"(4(#$!#*MM!((!95M&
H,>2)!74('8!&."4$8'"!&777#?".%"#.
z~x̧w¹}x¹w~xº»x¢|uwvxw~v¢{xx¼{x¢xx
"!$#%s>$J7#K1t?!(!...%'%&47%4"(!#.
#4!%.8'"=&'4"(8'"%&"(B%)%B'#%:!#.
%&77(?"79(.4(#$!#0-!(.79(#$"!$#%5M&
#%#(%9'8%&'7'".)7'B.?!(.%"#.!%!>U2#
?!)7#$%&4(#$!B7!%"!."s1'%I:"!#9t5
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